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ABSTRACT
One of the major factors in the success of an arterial graft is the
mechanical properties of the graft. The specific mechanical property
representing resistance in the graft to pulsatile flow is impedance, which is
made up of three different components. The only one of these components
which can be changed is compliance. This change is possible because
compliance is the dynamic response to flow. Prior research has shown that
there is a linear relationship between the closeness of the compliance of a
",

graft to that of the original vessel and the graft's patency. Therefore, the
ability to know the compliance of a graft of interest and understand which
properties of the graft determine this compliance could lead to better
matching of grafts with host vessels and manipulating the proper
characteristics of grafts, increasing the success rate of arterial grafts.
A device that can measure the changes in volume and pressure is
needed to be able to test the compliance of different potential grafts. Based
upon research of previous studies on the measurement of compliance, the
design selected accommodates grafts with lengths ranging from four to
twelve centimeters and diameters ranging from four to eight millimeters. The
device contains a mounting trough to keep the grafts moist and attachments
2
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to allow variable, known flows through the vessels. Their is also a screw

•

piece that allows the grafts to be stretched, so that the effect of this on
compliance can be found. A pressure transducer is attached to the tubing at
the exit of the graft to measure the pressure present in the graft, and a
cantilever beam with a strain gauge touches the top of the graft to nleasure
the change in volume. The entire apparatus is approximately 15 cm in
length, 8 cm in width, and 8 cm in height.
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INTRODUCTION
In the 1970's research was pursued in the field of implanting both

artificial and live tissue arterial grafts into host vessels that had a weakened
area or were in some other way injured. Through this research, much of
which was performed in vivo in dogs, it was determined that artificial grafts
were unsuccessful in comparison to live tissue grafts and that, depending on
the type of host vessel, certain live tissue grafts were more successful than
others. The researchers found that the more closely the mechanical
properties of the graft matched the host vessel, the greater the patency rate of
the graft. Specifically, it was found that the mechanical property of
impedance, which represents resistance in the graft to the pulsatile flow
present in blood flow, was an important one to investigate.
Impedance has three components: resistance to constant flow, fluid
inertance, and compliance. The first two components remain constant for
any particular graft, and, therefore, can not be altered. The third,
compliance, is the dynamic response to flow and is defined by,

c - Ll volume/volume
Llpressure

This property can change for a graft depending on the stretch it experiences,
4

the volume change it undergoes, or the pressure from the flow exerted on the
graft. Research has shown that there is a linear relationship between
compliance of a graft and its patency. Because of this, it is important to be
able to measure compliance in potential grafts. The ability to perform these
measurements could lead to understanding the characteristics of a graft that
affect its compliance, and, therefore, being able to manipulate these
characteristics. With control over a factor that influences the patency rate of
a graft, it would be possible to make better matches between graft and host
and improve the success rate of implanted grafts.
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PROBLEM STATEMENT
In order to perfonn studies on the compliance of different types of
grafts, an apparatus is needed that can meet the following criteria:
•

adjust to fit a range of lengths (4 to 12 cm) and diameters (4 to 8 mm)
of grafts

•

provide a known flow through the grafts

•

extend or shorten any particular graft

•

measure the change in pressure and volume present in the graft

•

keep the vessels moist during testing

The purpose of this project is to design, build, and test such a device.

6
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FINAL DESIGN
Following are specific characteristics of the design that accommodate
for the requirements:
•

An interchangeable trough is provided to support the grafts and keep
them moist during testing.

•

One end of the graft is attached to a stationary panel, and the other end
is attached to a panel which is able to move along the length of the
apparatus. The movable panel runs along a screw piece that allows the
testing length to be precisely adjusted.

•

In order to measure the pressure in the graft, a pressure transducer is
present in the tubing just past the exit of the graft.

•

A cantilever beam apparatus is placed so that it just touches the top of
the graft and will deflect along with the graft. A strain gauge is in
place on the cantilever in order to indirectly measure the change in
volume of the graft. A schematic of the cantilever beam is shown in
Appendix A (p.ll).

•

The size of the device is 15 cm by 8 cm by 8 cm, and is made of
Plexiglass. A schematic of the device is provided in Appendix B

(p.14).

•

Female bulkhead fittings for 1/8" to 3/16" tubing are to be used to
attach the tubes for the pump and the pressure transducer to the grafts.
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DESIGN JUSTIFICATION
Material Selection.
Plexiglass was chosen as the construction material for several reasons.
First, it is corrosion resistant enough to withstand the saline that will be used
to moisten the grafts. Plexiglass is also relatively lightweight, inexpensive,
and easy to manipulate in comparison to many other materials (particularly
many metals).

Trough Selection.
The choice of using a trough in the design was made in order to
provide a way to support and moisten the graft without interfering with the
shape of the graft during testing. The trough also allows the saline to be
contained without interfering with the cantilever portion of the strain gauge.
Five different troughs are provided to accommodate for the range of possible
lengths.

Strain Gauge Selection and Volume Calculation.

•

The original volume of a graft can be calculated from the known
dimensions of the graft by treating the graft as a cylinder. To find the change

8

in volume, the strain gauge on the cantilever beam can be used in the

.,

following way:

where

E

is strain in the beam measured by the strain gauge, 0 is defection at

the end of the beam touching the graft, c is half the height of the beam, and L
is the length of the beam. The strain gauge needs to be sensitive to strains
corresponding to deflections from 0.01 mm to 2.00 mm (orders of magnitude
of 10-4 to 10-6).

Bulkhead Selection.
Bulkheads were chosen so that they could be placed through the
panels of the device and fit the graft on one side and a tube on the other side
with a large amount of stability. The bulkheads need to be female so that
they can lock with male luers present on both the pump and pressure
transducer tubing.
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COMPLETION OF THE PROJECT
In order to complete the work on this project, several objectives need

to be met:
•

The device is to be constructed from the specified material.

•

The tubing, bulkhead fittings, and strain gauges need to be acquired
and included in the device.

•

The completed device needs to be tested and any necessary
adjustments made to the design, material, or attachments.

•

The device is to be implemented into research.

10
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Appendix A
Schematic of Cantilever Apparatus
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LABELS FOR CANTILEVER APPARATUS

'"
A

Adjusting Tumscrew

B

Strain Gauge

C

Cantilever Beam

D

Interchangeable Trough

E

Graft

F

Circuit to Strip Recorder

'"

13

.,

•

AppendixB
Design Schematic
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LABELS FOR DESIGN SCHEMATIC
",

"'"

A

Pressure Transducer Location

B

Entrance for Flow from Pump

C

Adjustable Screw

D

Arterial Graft

E

Circuit to Strip Recorder

F

Cantilever Apparatus

G

Trough Placement

16

REFERENCES
1.)

Baird & Abbott. Pulsatile Blood-Flow in Arterial Grafts. Lancet, Vol.
2, p.948-950, 30 Oct. 1976.

2.)

Baird, Kidson, L'italien, & Abbott. Dynamic Compliance of Arterial
Grafts. American Journal ofPhysiology, p. H568-H572, 1977.

3.)

Hasson, Megerman, & Abbott. Increased Compliance Near Vascular
Anastomoses. Journal of Vascular Surgery, p.419-423, 1985.

4.)

Kidson. The Effect of Wall Mechanical Properties on Patency. Annals
of the Royal College of Surgeons of England, Vol. 65, p. 24-29, 1983.

5.)

Walden, L'italien, & Megerman, Abbott. Matched Elastic Properties
and Successful Arterial Grafting. Archives ofSurgery, Vol. 115,
p.1166-1169, Oct. 1980.

17

